Introduction
Tendon disorders are common clinical conditions and heal naturally at a slower rate than other connective tissue defects. Tendon tissue engineering provides a new approach for tendon repair by integrating engineered substitutes with their native counterparts. Due to superior biological and mechanical properties, silk has been a promising candidate for tendon engineering. The main concern with the use of silks for biomedical applications is the immune responses caused by sericin, a glue-like protein coating on silk fibres. This study improves the existing protocols for silk "degumming" by removing sericin and enables preparation of silk that is suitable for tendon regeneration.
Materials and Methods
Bombyx mori silks were treated by sequential degumming with different proteases. Efficiency of degumming was determined by weight loss and Scanning Electron Microscopy (SEM). For evaluating the cellular responses of human tenocytes to the silk preparations, the growth and differentiation of human tenocytes on silks were examined. Proliferation of human tenocytes on the silks was determined by Alamar Blue assay at Day 1 and 7. Whilst the differentiation of human tenocytes was examined using real time RT-PCR of the expression of scleraxis (SCX), tenomodulin (TNMD), collagen type I (COL1) and Decorin (DCN) at day 14; all of which are known markers of tendon. Tenocyte morphology and collagen synthesis on the silk preparations was determined by SEM.
Results
The results showed that sequential protease degumming effectively degummed raw silks without impairing the core fibrous protein, fibroin (Fig. 1A) . The sequentially degummed silks also illustrated less cytotoxicity (Fig. 1B) . Following 7 days seeding with human tenocytes, the cell number on sequential protease degummed silks were significantly higher than on alkali degummed silks (Fig. 1C) . After 14 days, the mRNA levels of SCX, COL1 and DCN were upregulated on sequentially degummed silks when compared to tenocytes cultured in culture dishes alone (Fig. 2) . Thick cell multilayers formed on the silks, with cells and collagen fibres penetrating the gaps of individual silk filaments; resembling human tendon structure (Fig. 3) . 
Discussion and Conclusions
We have developed a novel method to degum Bombyx mori silk by a sequential protease treatment.
Moreover, sequential protease degummed silks exhibited better tenocyte growth and matrix formation than alkali degummed silks [0.1 % (w/v) sodium carbonate]. The sequential protease degumming could be potentially useful for future tendon tissue engineering.
